abstract Machar i.: applying landscape ecological principles in sustainable forest management of the floodplain forest in the temperate zone of Europe. Ekológia (Bratislava), Vol. 32, no. 4, p. 369-375, 2013. European floodplain forests of the temperate climatic zone are an example of an ecosystem in the cultural landscape characterized by an exceptionally high biodiversity. in this usually heavy deforested landscape of the central and South European river floodplains, which are subjected to intensive agricultural use, the preserved ecosystems of floodplain forests represent important refuges for biotic biodiversity and are invaluable for the ecological landscape stability of the entire floodplain and the wider river basin. unlike other central European communities, whereby constant ecological conditions of habitats tend to be preserved even upon changes in ecosystem, the floodplain forests are characterized by a long-term continuous development of ecotopes, conditioning the complex interconnected succession series of ecosystem. The ecological floodplain phenomenon is created by fluvial landscape processes and the conservation of the natural development dynamics of the said fluvial landscape processes is essential for its protection. The landscape structure of floodplain forests is significantly affected by forest management measures, including regeneration methods, silvicultural measures and felling. floodplain forest management radically affects the biodiversity of the given ecosystems which are listed among habitats of European concern in the natura 2000 network. Since understanding of the biological nature of forest ecosystems is essential for landscape and ecological planning and sustainable forest management, it is imperative to study ecological processes taking place in the various floodplain forest biotopes in order to be able to define the principles of their management. This article aims to contribute to the process of formulating principles of biodiversity protection and the management strategies for floodplain forest ecosystems, while applying some theories and methods of landscape ecology. The results section of the article comes in the form of case studies for each topic and draws on original data which were published in the scientific journals or presented at scientific conferences (see references). Some of the presented case studies focus on the protected landscape area litovelské pomoraví.
stantly renewable natural resource. Sustainable forest management is based on the ecosystem approach under the convention on Biological diversity (roth, plesník, 2004) and can be basically implemented through two main types of forest management:
• Species-based management (Mace, Baillie, 2007) . This type of management is based on the concept of conservation of interest species -focal species -which include, for example, umbrella species, keystones species, rare species and flagship species.
• Ecosystem management (koontz, Bodine, 2008) . This type of management considers the whole ecosystem in a certain defined form as 'object of protection'; for example, it can be a richly structured and a close-to-nature floodplain forest ecosystem (oszlányi, 2000) . The whole system of economic measures in stands and the management is then subordinated to continuous preservation of this ecosystem. Sustainable forest management considers a man in the landscape as a key biological species (angelstam, 1997) .
floodplain forests of the European temperate zone are described in the monograph by klimo et al. (2008) . floodplain forest ecosystems are characterized by a number of definitions. Vašíček (1985) defines floodplain forests as 'specific forest geobiocenoses the species diversity of which depends on the ecotope formed by quaternary riverine alluvium, floods and high groundwater level, usually in the first half of the growing season' .
The biodiversity of floodplain forests is significantly influenced by the hierarchical level of β-diversity (beta-diversity), i.e. by the changes in biodiversity depending on the changes in environmental gradients (in this case, these are changes in micro-relief and meso-relief of the floodplain that are dependent on the distance from the water flow, changes in the range of floods, etc.). floodplain forests are ecosystems with extremely high primary and secondary organic production. at present, it is clear that the traditional emphasis on forest-economic producing function of floodplain forests (Mezera, 1956 ) is shifting on the ecosystem functions of floodplain forests in the landscape (klimo, hager, 2001) , such as function of biodiversity centres, function of flood protection and role in the accumulation of phosphorus, nitrogen and carbon, etc.
it is important for sustainable management of floodplain forest ecosystems irrespective of whether the floodplain water regime and sedimentation process of alluvial loams are affected or unaffected by hydraulic engineering works in the landscape. if the floodplain landscape is strongly influenced by the system of water-management alterations (e.g. including river regulations and construction of flood-control reservoirs), the floodplain forest soil merges into the evaporation regime and the floodplain forest dries up; this finally results in the loss of biodiversity with regard to the wetland and wet biotope types. a solution within the management activities are then the so-called water regime revitalizations (prach et al., 1996) . an example can be the area of riparian forests at the confluence of the Morava river and Thaya river in the lower Morava Biosphere reserve.
conversely, when the floodplain is not affected by water-engineering modifications, the landscape retains its basic ecosystem functions. in such case, the high beta-diversity of the floodplain ecosystems is determined by the fluvial dynamics of the river flow. The variegated mosaic of different biotope types in the floodplain, from biotopes of naturally meandering river over biotopes of riverine islands, side river arms and wetlands, across different types of softwood floodplain forest to hardwood floodplain forest types, is called the 'dynamic fluvial succession series' (Buček, lacina, 1994) . This mosaic of floodplain biotopes, varying in time and space due to river dynamics, creates the so-called environmental floodplain phenomenon (Machar, 2001) .
it can be concluded from the above that successful protection of biodiversity in dynamic floodplain forest ecosystems does not necessarily require territorial (passive, preservative) protection in the form of various categories of protected areas or the mere provision of connectivity between the ecosystems in the landscape through ecological networks. The key to continuous preservation of biodiversity in the floodplain forest is maintaining the conditions for the functioning of ecological floodplain phenomenon (oszlányi, 1999) . This means that the basic principle of maintaining the floodplain forest biodiversity is the protection and undisturbed functioning of the dynamics of fluvial erosion and accumulation processes in the landscape. floodplain forest protection is, thus, clearly based on the ecosystem approach which places emphasis on creating the conditions for the functioning of the floodplain forest ecosystem services (Malanson, 1993) .
Case studies from the Czech republic
the need for sustainable management of floodplain forest ecosystems arises from the fundamental landscape-ecological functions of the alluvial landscape. a practical example is the application of landscape ecology in solving the complex protection of ecological alluvial phenomenon in the protected landscape area litovelské pomoraví in the czech republic (Machar, pechanec, 2011) . the aim of this study is to apply geomorphological typology of river systems (angradi et al., 2004) and the theory of dynamic fluvial succession series of floodplain biotopes (Buček, lacina, 1994) to define an optimal delimitation of the core zone in the protected area, so that this core zone accommodates the ecologically most valuable biotopes of floodplain forests, forming a comprehensive ecological alluvial phenomenon. the method of gap analysis (olson, dinerstein, 1998) applied in the environment of geographic information system arc info helped in defining a territory that includes, at the same time, river meander belt and all types of floodplain forest biotopes, whereas each type of biotope in the core area contains at least one segment reaching the defined minimum acreage of forest ecosystem capable of spontaneous development according to Vacek (2003) .
one example of the application of landscape-ecological floodplain concepts in alluvial forest biodiversity conservation is the set of studies (Machar, 2010) dealing with the assessment of impacts on floodplain forests in the czech republic associated with the project of danube-oder-Elbe (dol) canal and using three concepts of landscape ecology: (1) biogeographical differentiation of the landscape under geobiocoenological concept (Buček, lacina, 2006) , (2) landscape-ecological applications of the concept of focal species (lambeck, 1987) and (3) the concept of valuation of biotopes in the landscape (Seják, dejmal, 2003) . these landscape-ecological concepts were applied in quantifying the extent of anthropogenic impacts on floodplain forest ecosystems due to the assessed project of dol canal (Buček, Machar, 2012) . practical applications in evaluations within Eia (ecological impact assessment) process are provided by the concept of assessing ecosystem services (Seják, pokorný, 2008) .
Application of the concept of ecological networks in restoring the river landscape ecosystem functions of Morava River near town Olomouc shows study Machar (2012a) The key principle regarding the solution to river landscape restoration within the study area is the proposal for conversion of arable land along the Morava river to 'river landscape' consisting of a mosaic of floodplain biotopes.The concept of the proposal for restoring the river landscape is based on the creation of a supra-regional bio corridor of the territorial system of ecological stability along the Morava river in the form of dike floodplain whose axis is the revitalized river. The bio corridor territory will, thus, allow free flood extent.
in order to determine the project characteristics of the Morava river bed needed for specifying the target state of bed-forming processes under the current conditions of the site in question, we performed a geomorphological analysis in compliance with the methodology of Vlček and Šindlar (2002) . Subsequently, the bed width at the bed-forming flow, BQ k , and the bed mean depth at the bed-forming flow, hQ k , were designed based on the analogies derived according to the close-to-nature reference stretches in litovelské pomoraví. upon graphic solution using the multiple regression analysis in the basic type of display matrices for the condition with induced change in water flow regime and according to the river course water content, we determined the following parameters: bed route sinuosity, width and sinuosity of the first alluvial zone and meander belt, the meander length and the relative frequency of ford alternations along the longitudinal bed profile. The strip of land to restore the riverine landscape of the Morava river was then determined from the width of the meander belt and its extension up to the edge of the first alluvial zone (if identifiable in the terrain) or up to the natural as well as artificial obstacles limiting the possibility of flood extent in the riverine landscape.
creation of the bio corridor is part of the adaptation measures in the floodplain landscape in the context of global changes. The bio corridor (floodplain forests and meadows) actually creates a natural flood retention area (polder) that protects the surrounding settlements in the floodplain against the increasing frequency of floods that can be expected in relation to the predicted effects of global change in the landscape (pretel, 2009) .
Application of island biogeography in conservation and management of the floodplain forest based on results from research of the structure and diversity of bird communities demonstrate next studies
long-term protection of richly structured floodplain forest in the statute of strict (non-intervention) reservation, representing 20 years of spontaneous development of the floodplain forest ecosystem, leads to statistically significant increase in the density of bird assemblage (Machar, 2011) .The long-term protection of the old and richly structured floodplain forest ecosystem was reflected in the structure of nesting ornitocoenosis by statistically significant increase in density, particularly in the guild of birds nesting in tree cavities and in the shrub layer. This apparently arises from the protection of forest ecosystem in the form of natural reserve; thanks to the absence of forestry interventions, it is possible to view the development of natural regeneration of woody plants and shrub layer as well as gradual increase in the offer of nesting cavities in older and dying trees not removed from the undergrowth. With regard to the protection of bird species significant for the European natura 2000 network, the finding of long-term abundance stability of species Ficedula albicollis and Dendrocopos medius is important. Species composition of the nesting ornitocoenosis has not fundamentally changed and was fairly stable in the time span of 20 years.
fragmentation of the continuous complex of floodplain forest ecosystem through logging (accompanied by the emergence of clearings) leads to increase in the species diversity of nesting bird assemblage (within the study locality, the diversity increased by seven species after fragmentation). however, some nesting species typical for the inner forest environment of old floodplain forest have disappeared (Dryocopus martius, Dendrocopos medius). from the statistical point of view, the overall average density of the assemblage after forest fragmentation has decreased only insignificantly (Machar, 2012b) .
continuous complexes of old floodplain forest stands in the alluvial landscape can be perceived as islands of biodiversity in intensively cultivated agricultural landscape. our ornithological studies have shown that in these 'island' ecosystems, through the bird assemblage structure and diversity, it is possible to observe environmental effects known from the theory of island biogeography. results from such applied studies may significantly contribute to the formulation of strategies for sustainable management of floodplain forest ecosystems.
in another study conducted in litovelské pomoraví (Šindlar et al., 2010) , we examined the so-called wood debris, i.e. dead wood in a naturally meandering watercourse. Wood debris is one of the key factors influencing the fluvial dynamics of naturally meandering river. Therefore, wood debris also significantly affects the formation of a mosaic of different types of floodplain forests, especially the so-called softwood floodplain forest on river islands and gravel-sand alluviums on river banks. Based on the categorization of the river into stretches according to the accumulation of various types and quantities of wood debris, we designed the principles of wood debris management in the protected area.
Conclusion
1. detailed examples of using the landscape ecology in conservation and management of the floodplain forest in the temperate zone of Europe can be found in a number of specialized monographs (e.g. darby, Sear, 2008; Eiseltová, 1995; trémoliéres, Schnitzler, 2007) . in this paper, only some selected examples from the author's own experience were briefly presented. in a particular case, the practical application of ecological theories and principles in the management of floodplain forest can be complicated by two factors: Various biological species of interest may have substantially different (and sometimes conflicting) demands on the floodplain forest biotope. a typical example is the 'conflict of interest' between the so-called interior species (species of the internal environment) and edge species. for example, wood warbler (Phylloscopus sibilatrix) and black stork (Ciconia nigra) are typical interior species requiring continuously involved, shady and extensive 'dark' floodplain forest with full stocking and dense crown canopy. Edge species such as the clouded apollo butterfly (Parnassius mnemosyne) and large longhorn beetle (Cerambyx cerdo) live in the same type of floodplain forest, requiring open structure of the floodplain forest (preferably the so-called savannah or grazing forest) with solitary old oaks standing alone so that their bark is exposed to direct sunrays. 2. in one particular area of the floodplain forest, a number of different and by-law-defined interests of nature conservation can overlap and sometimes even stand against each other. The basis for practical implementation of sustainable forest management of floodplain forests in protected areas pursuant to the landscape-ecological theories should be the definition of the protection subject matter. With regard to the clearly defined subject matter of protection, it is also necessary to specify its objective (purpose). for example, the protection subject matter can be a specific type of floodplain forest ecosystem. The protection objective then may be the preservation of such ecosystem in its natural state, which reflects the persistent ecological conditions of the locality. This protection objective is subsequently achieved through ecosystem management clarified by the so-called management plan.
an example of the realized concept of sustainable floodplain forest management according to the above-mentioned principles can be the management of floodplain forests in the protected landscape area litovelské pomoraví implemented differentially pursuant to the pla territory division into structured nature conservation zones (Machar, 2008) .
